We performed immunoperoxidase stains on skin biopsies taken from nine patients with recurrent peripheral herpes simplex lesions at 12 h to 6 d after onset 
Introduction
Immune defense mechanisms against primary and recurrent herpes simplex viral (HSV)' infection have been intensively This work was presented at the Annual Meeting of the American Association of Physicians, Washington, DC, 4 May 1984. Received for publication 25 October 1983 and in revised form 30 August 1984.
1. Abbreviations used in this paper: HSV, herpes simplex virus; K, killer cell; NK, natural killer cell; PBMC, peripheral blood mononuclear cells; PHA, phytohemagglutinin.
investigated in vitro and in animal models over the past two decades. Although many mechanisms involving a variety of cell types, antibody, complement, lymphokines, and interferon have been demonstrated, their relative importance and interaction in restriction of HSV replication remains unsettled. Some evidence in murine systems suggests immunologically nonspecific mechanisms, such as macrophage activation, natural killer (NK) cell activity, and interferon alpha or beta production, may be important early in primary infection. Alternatively, specific immune functions such as cytotoxic T lymphocytes, antibody-dependent cell-mediated cytotoxicity, antibody-and complement-dependent virus neutralization, and lysis of infected cells may be of greater importance in late primary and recurrent infection (1) . Experiments in mice have also suggested cell-mediated immunity may play a role in maintenance of HSV latency (2) . Less is known about the relative roles of these mechanisms in man (3) . Recently, we reported that the titer of interferon gamma produced spontaneously by peripheral blood mononuclear cells (PBMC) of patients with recent recurrent herpes labialis appeared to predict the time to next recurrence (4). The spontaneous interferon was produced by circulating Leu 3+ T lymphocytes (5) . We believe that these cells may be activated in the local lesion or draining lymph node and then circulate. Hence, the present study was undertaken to phenotype the infiltrate within these lesions (6) and correlate the proportions of cells present with PBMC, to identify cells producing interferons alpha and gamma, and to determine the cellular location of HSV antigen. The immunophenotyping technique has recently provided interesting insights into the immunopathogenesis of leprosy and multiple sclerosis (7, 8) .
Methods
Nine consecutive adult volunteers with recurrent peripheral herpes simplex infection (not perioral or genital) were studied after our protocol was approved by the Stanford University Committee on Human Investigation. Clinical features were assessed by two of us (Dr.
Cunningham and Dr. Miller) and the lesions staged as erthymatous papules, vesicles, ulcers, or crusts. Following infiltration with local anesthetic, two biopsies were taken from each lesion either immediately adjacent (two patients) to or including 25-50% of the vesicle or crust (with the vesicle or crust margin in the center of the biopsy) using a 2-mm disposable Baker cutaneous punch (Baker Co., Inc., Sanford, ME). One specimen was fixed in 10% buffered formalin, embedded in paraffin, sectioned, and stained routinely with hematoxylin and eosin.
The other specimen was snap frozen and stored at -50'C for later immunoperoxidase staining. The vesicles opened by the biopsies were swabbed and cultured for herpes simplex virus in human foreskin fibroblast cultures. Two blood samples were obtained for separation of mononuclear cells with Ficoll-hypaque gradients: one at the time of biopsy for cytofluorographic quantitation of lymphocyte subsets and monocytes and estimation of (spontaneous) interferon production and a second specimen was also taken for estimation of spontaneous interferon production 10 d later.
Immunoperoxidase staining for frozen sections. All biopsies were oriented so that sections were cut serially from the central part perpendicular to the vesicle margin. Cryostat sections, 4 (18) . Antigen and type specificity of the antibodies was determined by assessing the electrophoretic mobilities of labeled HSV, and HSV2 proteins precipitated by them. High-titered rabbit polyclonal antibodies to interferon alpha (antisera neutralizing 1.8 X 104 units of leukocyte interferon/0.5 ml) and gamma interferon (antisera neutralizing 20,000 units of native interferon gamma/0.5 ml)
were kindly provided by Sydney Pestka (Nutley, NJ) and Jan Vilcek (New York), respectively (20, 21) . Purified recombinant interferon alpha A was the immunogen for preparation of the antibody to interferon alpha. After a three-step purification process (21) , the interferon gamma used to prepare the latter antibody was virtually free of interleukin 1 Phenotyping of PBMC. No patient's PBMC spontaneously produced interferon gamma at either bleed. Blood "helpersuppressor" ratios (Leu 3+ cells/Leu 2+ cells) have been reported to be low (<1.0) in the first 4 d of a herpetic lesion (24) . Although the mean ratio was lower at less than 2-d duration (1.4±0.5) as compared with later times (2.1±0.4), the correlation between ratios and time was not significant (Spearman rank correlation coefficient r, = 0.55, NS). The lowest ratio was 1.0 in this small series.
Histology (Table III) . Biopsies of early lesions or biopsies taken adjacent to a vesicle showed nuclear chromatin clumping and margination and cytoplasmic vacuolation. One late lesion (patient 9) showed similar changes. In later lesions, there was epidermal cell necrosis and vesicle formation with multinucleated epidermal cells (Fig. 1 ) and occasional nuclear inclusions typical of herpes simplex infection. Cell debris and macrophages were present in advanced lesions occasionally associated with small numbers of neutrophils. Subepithelial diffuse mononuclear infiltrates were present in all sections although they varied in density (Fig. 1) .
Immunoperoxidase staining (Table III) . The mononuclear infiltrates consisted almost entirely of Leu 4+ T cells with small numbers of Leu M3' monocytes (Fig. 2) . Mean cell counts per patient biopsies ranged from 190 to 1,890 T cells and 30-140 monocytes. The majority of the cells were DR' (Fig. 2) . Leu 3+ cells were more numerous than Leu 2+ cells in all sections. Mean cell counts ranged from 165 to 1,340 Leu 3+ cells and 26 to 226 Leu 2+ cells. Comparison of Leu 3+/Leu 2+ T cell ratios in the lesions and blood of these patients showed much higher ratios in lesions biopsied at <2 d (Fig. 3) . Thereafter, the ratios equalized. Overall, the tissue ratios were significantly more frequently greater than blood ratios (P < 0.05, Wilcoxon matched pairs signed ranks test, two-tailed) and there was a significant negative correlation between tissue ratios and age of lesion at biopsy (Spearman rank correlation coefficient with correction for tied ranks, r, = -0.781, P < 0.02, two-tailed). (Fig. 4) . Positive cells were more numerous in patients 5 and 6 and were occasionally seen within vessels (Fig. 4) (6) . In peripheral herpes simplex lesions caused by HSV I or II, we have found similar epidermal changes, commencing with changes in nuclear chromatin and progressing to focal necrosis of keratinocytes and intraepidermal vesicle formation. As in their study, we also found diffuse mononuclear subepidermal cells, but we also observed intradermal focal mononuclear infiltrates and few polymorphonuclear cells in the infiltrates only in the presence of extensive necrosis. Intradermal focal perivascular mononuclear infiltrates have not been previously reported in recurrent herpetic lesions. Our immunohistologic findings confirmed the presence of HSV glycoprotein antigen within the nuclei and cytoplasm of keratinocytes and basal epidermal cells. However, the antigen was mostly detected in necrotic epidermal cells and only in biopsies taken from vesicular lesions at 1-3 d. HSV concentrations are maximal in lesions at this stage (25) . Despite the use of antibodies to two HSV glycoproteins, only high concentrations of intracellular antigen, late in the cell virus cycle, were detected. Immunologically important but lower concentrations of HSV antigen may be present in macrophages or Langerhans cells although not detected with this technique. Choice of biopsy site and variations in strain reactivity with the monoclonal antibodies used may also influence antigen detection.
Immunophenotyping of the subepidermal mononuclear infiltrates suggested T cells and monocytes migrated selectively into the lesions, as virtually no B cells and very low numbers of Leu 7+ (NK/K) cells were detected. In contrast, PBMC of normal controls usually have 15±7% (mean± 1 SD) (13) Leu 7+ cells and 9±5% Ig + B cells (8-14% sIg+B cells in this study) (26) . M3' monocytes or macrophages were present in similar proportions to those in blood. A slightly greater predominance of these cells was seen adjacent to vesicles, ulcers, or crusts. Their function may be phagocytosis and/or processing and presenting of HSV antigen derived from infected epidermal cells. The majority of the infiltrate cells at all stages were DR+. Allowing for most monocytes or macrophages being DR', a large proportion of the T cells expressed DR indicating their activated state. Similarly it has been shown that most T cells in leprotic skin lesions are activated (7) .
Further subdivision of T cells into their Leu 3+ (helper) and Leu 2+ (cytotoxic/suppressor) subsets revealed convergent progressive changes in the Leu 3+/Leu 2+ ratios of tissue and PBMC. The initial disparity between tissue and blood ratios suggests an early selective migration of Leu 3+ T lymphocytes into the lesion, producing the bulk of the early intradermal infiltrate. The later decrease in tissue ratios at 2 d after lesion onset might be explained by cessation of an early chemotactic stimulus to Leu 3+ cell migration or development of a second attractive stimulus to cytotoxic or suppressor cells or both. Although proximity of mononuclear cells to HSV antigencontaining cells was observed ( Fig. 1) and despite the fact that cytotoxic T lymphocytes recognizing the glycoprotein antigens in infected cells have been seen in animal HSV infections, no selective concentration of Leu 2+ cells adjacent to vesicles was seen at any stage (27) .
Antibody to interferon gamma (or a substance copurifying with it) stained the cytoplasm of macrophages and probably T lymphocytes within dermal infiltrates and occasionally vessels. Rim or membrane staining of lymphocytes was also observed. This staining pattern is similar to that observed for interleukin 2 in cytologic preparations (28) where producing cells showed cytoplasmic staining and adsorbing cells showed membrane staining. If the substance identified by staining was interferon gamma (or another lymphokine), cytoplasmic staining of small cells in the herpetic lesions probably also indicated synthesis but the cytoplasmic staining in macrophages could also have resulted from uptake. "Membrane" stained cells may be (29) .
The presence of cells with cytoplasmic staining in dermal vessels as well as intradermal infiltrates suggests that these cells circulate and may be secreting interferon gamma. In previous studies of recurrent herpes labialis, we showed interferon gamma was produced spontaneously by circulating Leu 3+ nylon wool-adherent T lymphocytes. The titer produced was directly proportional to time to next recurrence of herpes labialis (4) . Although cells apparently synthesizing interferon were present within lesions and their vessels, we could not demonstrate spontaneous interferon production of >10 units/ ml by PBMC in this study. However, six of nine HSV isolates were type II and two of the three patients with type I HSV recurred within 1 mo. Recurrence was usually associated with low interferon levels in herpes labialis. Differences in HSV antigen-specific T lymphocyte proliferation according to site of infection (lip or cornea) have been previously reported (1, 30) . Hence, it is not clear whether HSV type, lesion site, or frequency of recurrence affects spontaneous interferon production. However, it is particularly interesting that the cell types required for HSV antigen induction of interferon gamma in vitro, macrophages, and Leu 3+ T lymphocytes are those predominating in early herpetic lesion infiltrates.
The progressive increase in intensity and prevalence of epidermal cell DR expression was unexpected. Epidermal cells express DR antigen in certain skin diseases such as mycosis fungoides (31) , lichen planus (32), and graft versus host disease (33) but it is not seen in normal skin, basal, or squamous cell carcinomas or alopecia areata (R. Turner and R. Warnke, personal observations). The only biopsy without DR`epidermal cells were taken early (24 h) and away from the vesicle edge. This finding and the progression of DR' staining suggests increasing local concentrations of a diffusible inducer. Purified interferon gamma increases DR antigen expression on both monocytes and melanoma cells which are of epidermal origin (34) . This lymphokine also appears to be the major DRinducing factor in concanavalin A-conditioned medium (35) . Hence, after secretion by macrophages and T lymphocytes within the lesion infiltrates, it may induce DR antigen on the surfaces of epidermal cells. Interferon alpha also increases DR expression on monocytes in high concentrations in vitro and could contribute a local synergistic effect (36) . Normal epidermal cells appear capable of presenting HSV antigen to T lymphocytes. This function was abolished by treatment with anti-DR antibody and complement. It was assumed that the DR antigen expressing Langerhan's cells were the antigen presenters (37 (38) . Interferon gamma, one of several lymphokines secreted by these cell types, may have important local immunoregulatory actions. It acts as an important macrophage-activating factor (39) , increases D region antigen expression on monocytes (perhaps enhancing antigen presentation) (34) , induces activation of cytotoxic T lymphocytes (40) , and may induce expression of interleukin 2 receptors on T lymphocytes (41) . The future availability of potent monoclonal antibodies to interferon gamma and other lymphokines and fturther functional subdivisions of lymphocytes should help elucidate the complex cellular and humoral events occurring in the recurrent herpetic lesion and the relevance of studies in animal models.
